Abstract: This study aimed to assess the associations of telomerase reverse transcriptase (TERT) and estrogen receptor-α (ERα) levels with bone mineral density in Chinese men and women. Cancellous bone samples were obtained from femoral neck fracture and osteoarthritis patients. BMD was evaluated by X-ray absorptiometry. Serum levels of BMD markers, including osteocalcin (BGP), tartrate-resistant acid phosphatase 5b (TRACP5b), estradiol (E2) and testosterone (T), were measured by ELISA. Real-time PCR and Western blot were used to assess hTERT, ERα, and human protection of telomeres 1 (hPot1) mRNA and protein levels, respectively, in bone specimens. Age, E2, T, TRACP5b, BGP, TNF-α, NF-kB and Pot1 mRNA levels, as well as TERT and ERα mRNA and protein levels were all correlated with BMD (FN) and BMD (AP) as single variables, except for sex in the case of BMD (FN). Multiple regression analysis revealed sex, age, E2, T, and TERT protein to be significantly associated with BMD (AP); similar findings were obtained with BMD (FN), except for sex. Interestingly, sex, TERT mRNA, and ERα protein showed significant correlations with both BMD (FN) and BMD (AP) (all P<0.01) after collinearity diagnostics. Importantly, gender differences were observed for BMD (AP) and BMD (FN) correlations with TERT and ERα protein and gene levels. These findings indicate that TERT and ERα are associated with BMD in Chinese individuals, with differences observed in these associations between men and women.
Introduction
Senescence, or biological aging, is a gradual decline in body function that stems from a decreased cell proliferation ability. All body tissues, including bone, undergo this process. Osteoporosis is a common degenerative bone disease in aging individuals; one of its major contributors is the senescence of cells forming the bone tissue 1) . The link between osteoporosis and the aging process is well established 2) ; however, the exact pathogenesis of this disease is unclear. Nevertheless, decreased bone mineral density (BMD) has been proposed as a common hallmark of osteoporosis. For example, a meta-analysis showed that bone mineral density measurements might be used to predict fracture risk in women 3) . The link between BMD and age is not limited to women, as another study showed that BMD decreases in aging men as well 4) . It has been suggested that the age induced BMD decrease results from the alterations in sex hormone levels as both men and women age 5) .
Correspondence to: Dr. Yanping Lin, Fujian Academy of Integrative Medicine (Fujian University of Traditional Chinese Medicine), Fuzhou 350122, Fujian, China; Tel: +86-13609557306; Fax: +86-21-64085875; E-mail: linyanping1966@163.com Telomeres are repetitive DNA-protein complexes that cap the ends of vertebrate linear chromosomes to prevent them from damage; telomere shortening is a major measurable molecular characteristic of aging of cells 6) . Telomerase, a eukaryotic ribonucleoprotein (RNP) complex with reverse transcriptase activity, helps to stabilize telomere length in human cells, by adding TTAGGG repeats onto the telomeres 7) . This effect can inhibit the processes associated with aging. For example, human osteoblasts ectopically expressing telomerase reverse transcriptase (hTERT), the telomerase's catalytic subunit 8) , exhibit survival advantages by sustaining their replicative potential and maintaining the phenotypic and functional properties of primary osteoblasts in vitro 9) . In addition, transfection of hTERT into pre-senescent human (in vitro aged) osteoblasts prevents bone loss after grafting into mice 10) . Interestingly, relationships among estrogen signaling, telomere length, and telomerase activity have been reported. For example, it was shown that estrogen signaling functions at the TERT promoter level to increase telomerase transcription in human bone as well, since estrogen receptor á (ERá), a key mediator of estrogen signaling, is also expressed in osteoblasts and osteoclasts. 12) Indeed, estrogen has been shown to influence the balance between bone resorption and bone formation. 13) Although individual correlations among many of these factors have been established, the overall relationship among BMD, TERT, and ERá levels and aging is still poorly understood. In this study, we aimed to assess the relationships of the expression of these key factors with BMD in Chinese individuals.
We found that TERT and ERá are associated with BMD in Chinese individuals. Interestingly, differences between males and females were observed for BMD (AP) and BMD (FN) correlations with TERT and ERá expression, both at the protein and gene levels.
Materials and Methods Patients
This study was carried out at our hospital, between January 2010 and June 2014. A total of 78 patients (39 men, 39 women; age range, 25 to 88 years) met the following inclusion criteria and were included in the study: (1) hip replacement for fresh femoral neck fractures and osteoarthritis with total knee replacement; (2) no endocrine diseases; (3) no kidney disease or metabolic disorders; (4) no bone or joint tumors, tuberculosis, or recent history of infection; (5) no use of drugs known to affect bone metabolism over the past year; (6) signed informed consent. Patients were excluded with: (1) endocrine system disorders, reproductive diseases, congenital malformations, metabolic bone disease, infection, inflammation, or tumors; (2) life-threatening diseases such as cardiovascular problems; (3) psychiatric diseases; (4) other treatments that could affect the study outcome. The study was approved by the Medical Ethics Committee of our Hospital.
Specimen collection
Femoral head cancellous bone samples were obtained from patients undergoing hip replacement for fresh femoral neck fractures. Distal femoral cancellous bone specimens were obtained from osteoarthritis patients with total knee replacement. All specimens were stored at -80 o C until use. Blood samples were simultaneously obtained and centrifuged for serum preparation.
BMD measurement by X-ray absorptiometry BMD of anteroposterior lumbar vertebra 1-4 (AP) and left femoral neck (FN) in every patient was assessed on a Discovery
Wi dual-energy X-ray absorptiometer (Hologic, USA), with a longterm variation coefficient of 0.35-0.41%.
Assessment of serum estradiol (E2), testosterone (T), osteocalcin (BGP), TNF-á and tartrate-resistant acid phosphatase 5b (TRACP5b) levels by ELISA Blood samples were centrifuged at 3000 rpm for 10 min to obtain serum, which was stored at -20 o C until use. ELISA was carried out with 100 ìL serum samples (or standards) using specific kits for estradiol (E2), testosterone (T), osteocalcin (BGP), and tartrate-resistant acid phosphatase 5b (TRACP5b) (ADL, USA) detection, following the manufacturer's instructions. Absorbance was read at 450 nm on a DU650 UV visible spectrophotometer (Beckman, USA).
TERT and ERá protein expression evaluated by Western blot
Total protein from cancellous bone samples was extracted using the RIPA lysis buffer (Beyotime, China), followed by centrifugation at 12000 rpm for 30 min at 4 o C. Protein concentration was measured using a BCA protein assay kit. For each sample, 30ìg protein were resolved on 12% SDS-PAGE gels and transferred onto PVDF membranes (Amersham, Sweden).
After blocking with 5% non-fat milk for 30 min at room temperature, the membranes were incubated with anti-TERT (Abcam, USA), anti-ERá (Abcam, USA), and anti-â-actin (Cell Signaling, USA) primary antibodies (1:5000), respectively, for 1 h. The membranes were then washed and incubated with alkaline phosphatase-conjugated secondary antibody for 30 min at room temperature. Protein bands were detected using a Western Breeze kit (Invitrogen, USA) and captured on X-ray film. Data were quantified using the Phoretix 1D gel analysis software (Totallab, USA).
Evaluation of Telomerase Activity
Telomerase activity in bone tissue samples was evaluated by using a telomerase polymerase chain reaction/enzyme-linked immu no so rbent assay (E LISA) ki t (Roche M olecular Biochemicals, Mannheim, Germany) that included a telomeric repeat amplification protocol (TRAP) assay and ELISA detection in two steps 14) . This method is an extension of the original TRAP procedure. Femoral neck bone tissues were homogenized in liquid nitrogen, and centrifuged at 1000 g to collect the supernatants.
Telomerase-positive samples were determined as A 450nm -A 690 nm (A value) >0.2; Telomerase-negative samples had A values < 0.1.
As positive controls, extracts from the telomerase-positive cell line HeLa were used; negative controls were HeLa cell extracts inactivated by treatment with DNase-free RNase.
Quantitative real-time PCR for determination of Pot1 mRNA levels
Cancellous bone samples were collected at surgery, and all soft tissues removed. After homogenization, total RNA was extracted with TRIzol Reagent (MBI Fermentas, Lithuania). RNA quality was determined by non-denaturing agarose gel electrophoresis. Total RNA concentration was assessed at 260 nm. For each sample, 500 ng of total RNA were reverse transcribed on a 9600 DNA amplification equipment (PE Biosystems, USA), 
Statistical analysis
Statistical analyses were performed using the SPSS 17.0 software (SPSS, USA). All continuous variables were assessed for normality by the Kolmogorov-Smirnov normality test.
Normally distributed data are mean ± standard deviation (SD), and skewed variables were expressed as median and interquartile range (IQR). Unpaired two-tailed Student's t-and Mann-Whitney U-tests were applied to compare two groups for normally and non-normally distributed parameters, respectively. Chi-square test was used to compare categorical variables between two groups. P < 0.05 was considered statistically significant.
Results

Baseline characteristics of patients
Baseline characteristics of the study participants are presented in Table 1 Fig.1 .
Correlation of various potential factors and BMD
Age, E2, T, TRACP5b, BGP, TNF-, NF-kB and Pot1 mRNA levels, and TERT and ER mRNA and protein levels were assessed as single variables for their correlations with BMD (FN) and BMD levels were significantly correlated with BMD (FN) only in men 45 years old. In females TERT protein levels were significantly correlated with BMD (FN), while ER protein amounts did not significantly correlate with this parameter in either age group.
Gender differences were also observed for associations with BMD (AP). Indeed, TERT protein concentrations were significantly correlated with BMD (AP) in males regardless of age, but only in post-menopausal females; ERá protein levels were associated with BMD (AP) only in post-menopausal females (Table 5) .
Telomerase activity in bone tissue samples from patients of different sex and age groups
As shown in (AP), respectively. As shown in Table 2 , all parameters analyzed were significantly correlated with BMD (AP); this was also the case for BMD (FN), except for sex, which did not show a statistically significant association.
Multiple linear regression analysis of the associations of various potential factors and baseline BMD in patients after collinearity diagnostics
Because various independent variables in multiple linear regression equation showed strong collinearity, the VIF selection method was employed to assess collinearity diagnostics and reduce the number of variables in the multiple linear regression equation.
As shown in Table 3 , sex, TERT and ER protein showed significant correlations with both BMD (FN) and BMD(AP) (all P<0.01).
Association of TERT and ER expression with BMD in males and females
Next, we analyzed the associations of BMD with TERT and ERexpression in females and males, respectively. As TERT and ER mRNA and protein levels showed strong collinearity, protein level was selected for analysis, since it reflects gene. Table 4 shows that TERT protein amounts were non-significantly correlated with BMD (FN) in men of all age groups; meanwhile, ER protein ≧ The VIF selection method was employed to assess collinearity diagnostics and reduce the number of variables in the multiple linear regression equation. P<0.05 was considered statistically significant. BMD, bone mineral density; FN, femoral neck; AP, anteroposterior lumbar vertebra 1-4; TERT, telomerase reverse transcriptase; ERα, estrogen receptor-α Telomerase activity in bone tissue samples was evaluated by using a t elomerase p olymeras e ch ain react ion/ enzyme-l in k ed immunosorbent assay (ELISA) kit, as A450 nm-A690 nm (A value). Data are mean±standard deviation. Positive and negative controls for the assays yielded A Values of 4.047±0.108 and 0, respectively. males (2.792±0.937 and 3.554±0.225 for e"45 and <45 year old men, respectively) and females (2.446±0.787 and 3.376±0.339 in post-and premenopausal women, respectively).
Discussion
In this study, we demonstrated that TERT and ERá are associated with BMD in Chinese individuals, and differences were observed between males and females for the associations of BMD (AP) and BMD (FN) with TERT and ERá expression levels.
TERT is primarily expressed in proliferative cells. Thus, the terminally differentiated osteoclasts and osteocytes have low TERT expression; in contrast, osteoblasts show much higher TERT expression. Osteoblast proliferation is proportional to telomere length and closely related to bone formation; thus enhancing osteoblast proliferation and differentiation by altering telomere length promotes bone formation 15) . In this study, protein expression of TERT and hPot1 mRNA levels in bone tissue were significantly correlated with age as single variables. Studies have shown decreased TERT activity in bone cells, which results in reduced telomerase activity and the shortening of telomeres 16, 17) .
Subsequently, this leads to a decline in Pot1 expression in bone tissue and cellular senescence 18) .
Our results corroborate the finding that sex hormones decrease as individuals age: levels of both E2 and T decreased in elderly subjects regardless of gender. In young individuals, androgens and estrogens are maintained at a certain level; importantly, androgens can be converted into estrogens by aromatase. In postmenopausal women and older men, both sexual organ function and the levels of androgens and estrogens decrease. Aromatase activity can also decrease with age; thus, androgens can no longer efficiently be converted into estrogens 19) . BMD also decreases with age 20, 21) . Indeed, the incidence rate of reduced bone mass in females markedly increased from 31% in the 50-64 years age group to 292
Yu Lin et al.: ER Association with BMD in Chinese Men 62% in women > 65 (data not shown), indicating a clearly significant increase in the risk of osteoporotic fractures with age 22, 23) . BGP is a known regulator of bone turnover and calcium metabolism 24, 25) , and alterations in its serum levels may reflect the changes in bone metabolism. TRACP 5b is a marker of bone resorption 26) , and serum TRACP 5b levels are a reliable marker for the diagnosis of osteoporosis 27, 28) . Our results suggest that serum BGP and TRACP5b levels are highly related to age and sexual hormone levels (data not shown). This may be explained by declined sexual organ function with age. Finally, the decrease in estrogen inhibits TERT activity in bone cells, which leads to altered bone metabolism and reduced bone formation.
It has been suggested that loss of bone mass is more dramatic in females than males: decreases in bone mineral density tend to occur approximately 10 years later in males than females 29) . As shown above, sex, TERT mRNA, and ERá protein showed significant correlations with both BMD (FN) and BMD (AP) after collinearity diagnostics. Previous reports have demonstrated that BMD is regulated by osteoclasts through ERá and Fas ligand (FasL). Indeed, osteoclastic ERá is critically important in mediating estrogen-dependent bone maintenance in female mice; in addition, estrogen promotes apoptosis and increases FasL levels in trabecular bone osteoclasts 30) . In agreement, it was demonstrated that osteoclastic ERá mediates the protective effects of estrogens on cancellous bone 31) . After grouping according to sex, gender differences were observed for the associations of TERT mRNA and ERá expression with BMD (AP) and BMD (FN).
A few limitations of this study should be mentioned. First, it was limited to Chinese populations. Second, the sample size was relatively small. Nevertheless, we demonstrated that BMD positively correlates with TERT and ERá in men and women but with gender differences. These factors might play important roles in primary osteoporosis, probably through decreasing bone formation. Ultimately, this would cause an imbalance in favor of bone resorption over bone formation to promote bone aging.
In conclusion, TERT expression was significantly correlated with BMD (FN) in women, unlike men, while ERá expression levels were significantly correlated with BMD (FN) only in men e"ýýýýÝÝ145 years old. In addition, TERT protein concentrations were significantly correlated with BMD (AP) in males regardless of age, but only in post-menopausal females; ERá protein levels were associated with BMD (AP) only in post-menopausal females. These findings indicate that TERT and ERá are associated with BMD in Chinese individuals, with differences in these associations between men and women.
